Objective: To develop a fully automated, rapid, molecular-based assay that accurately and objectively evaluates sentinel lymph nodes (SLN) from breast cancer patients. Summary Background Data: Intraoperative analysis for the presence of metastatic cancer in SLNs from breast cancer patients lacks sensitivity. Even with immunohistochemical staining (IHC) and time-consuming review, alarming discordance in the interpretation of SLN has been observed. Methods: A total of 43 potential markers were evaluated for the ability to accurately characterize lymph node specimens from breast cancer patients as compared with complete histologic analysis including IHC. Selected markers then underwent external validation on 90 independent SLN specimens using rapid, multiplex quantitative reverse transcription-polymerase chain reaction (QRT-PCR) assays. Finally, 18 SLNs were analyzed using a completely automated RNA isolation, reverse transcription, and quantitative PCR instrument (GeneXpert). Results: Following analysis of potential markers, promising markers were evaluated to establish relative level of expression cutoff values that maximized classification accuracy. A validation set of 90 SLNs from breast cancer patients was prospectively characterized using 4 markers individually or in combinations, and the results compared with histologic analysis. A 2-marker assay was found to be 97.8% accurate (94% sensitive, 100% specific) compared with histologic analysis. The fully automated GeneXpert instrument produced comparable and reproducible results in less than 35 minutes. Conclusions: A rapid, fully automated QRT-PCR assay definitively characterizes breast cancer SLN with accuracy equal to conventional pathology. This approach is superior to intraoperative SLN analysis and can provide standardized, objective results to assist in pathologic diagnosis. (Ann Surg 2006;243: 389 -398) From the
I n breast cancer and other malignancies, involvement of regional lymph nodes is a strong prognostic indicator and greatly influences staging and clinical management. [1] [2] [3] [4] One benefit from the implementation of sentinel lymph node biopsy (SLNB) techniques is the identification of metastatic foci of cancer in 10% to 15% of patients that would have been previously staged as node-negative (pN0) by conventional methods. 5, 6 This improved sensitivity is attributed to both the addition of immunohistochemical staining (IHC) and to an increase in sampling volume. 5, 6 Many of these additional positive nodes contain only micrometastatic foci of tumor. However, the clinical significance of micrometastatic disease identified by SLNB techniques is highly controversial. [7] [8] [9] [10] [11] Nonetheless, SLNB techniques are now widely used in breast cancer and melanoma and are being applied with increasing frequency to other tumors, including colorectal, oropharyngeal, prostate, lung, and other solid organ cancers. [12] [13] [14] [15] Another clear advantage to the SLNB technique is that in the majority of breast cancer patients, SLNB safely avoids axillary lymph node dissection (ALND) and the associated morbidity when the SLN is negative for metastatic disease. 16 However, rapid, frozen-section analysis of SLN for metastasis is only 50% to 70% sensitive for the detection of metastasis compared with the permanent histologic sections and IHC of the same lymph node, 17, 18 and complete analysis of the SLNB specimen currently requires extensive preparation and time-consuming review. 8 Even in experienced hands, 10% of SLNB specimens are later found to contain metastases. 19 As a result, these patients have required a second surgical procedure to complete the ALND. This is clearly an undesirable algorithm for the patient, the healthcare provider, and the healthcare payer, and this dilemma has contributed to a new controversy; if the SLNB is positive, does a completion ALND confer a therapeutic or staging benefit to the patient? Until ongoing multicenter trials determine whether completing the ALND when the SLNB is positive for metastasis benefits the patient, it is clear that the time required to accurately evaluate SLNB specimens has significant implications. 20 It must also be recognized that, even with adequate time, the accurate histologic analysis of lymph nodes for metastatic disease is challenging, and discordance in the interpretation of these materials is a well-known clinical problem. Indeed, a recent study found alarming disparity among pathologists in the analysis of SLNB specimens. 21 Furthermore, protocols for SLNB specimen analysis vary widely between healthcare centers. 22 Thus, current methods of lymph node analysis clearly lack standardization, are dependent in part on subjective criteria, and are subject to human error.
We and others have shown that a real-time, quantitative RT-PCR (QRT-PCR) analysis of lymph nodes can be more accurate than conventional histologic analysis in predicting prognosis for solid organ malignancies, 23, 24 and we have previously reported our development of a rapid QRT-PCR procedure that can be completed (including RNA isolation) in less than 25 minutes. 25 Importantly, a revolutionary tool for molecular-based assays called the GeneXpert (Cepheid, Sunnyvale, CA) is in the final stages of development. This instrument fully automates sample preparation, RNA isolation and purification, and QRT-PCR in a single-use, cartridge-based format that removes the major obstacles limiting routine use of molecular-based assays. Thus, we aimed to determine if a rapid, fully automated, internally controlled QRT-PCR assay performed by a prototype GeneXpert instrument could produce equivalent results to histologic techniques of SLNB analysis, including IHC. This assay could produce significant benefits to patients and healthcare providers by definitively analyzing lymph nodes using objective criteria in a time frame that allows intraoperative use, reduces patient psychologic distress, and improves standardization between healthcare centers.
MATERIALS AND METHODS

Experimental Design
Literature and database surveys identified potential mRNA markers for detection of breast cancer metastases. A primary screen analyzed the expression of 43 markers in 6 primary breast carcinomas and 10 benign lymph nodes from patients without cancer. Six markers showed good characteristics for lymph node metastasis detection and entered a secondary screening phase where expression was analyzed in 25 primary tumors, 27 lymph nodes histologically positive for cancer, and 21 benign lymph nodes (73 individual patients). Based on classification characteristics, 4 markers were selected for an external validation study of 90 SLN from 90 individual breast cancer patients using a rapid, multiplex real-time PCR assay. Finally, 9 histologically negative and 9 histologically positive lymph nodes were analyzed using a completely automated and rapid RNA isolation and QRT-PCR assay on the GeneXpert instrument.
Source of Tissues
All tissues were collected through IRB approved protocols. Tissues for marker screening and GeneXpert studies were obtained from tissue banks at the University of Pittsburgh Medical Center and SLN for the marker validation study were obtained from the Minimally Invasive Molecular Staging of Breast Cancer Trial.
Tissue Preparation and Histologic Analysis
All tissues were snap-frozen in liquid nitrogen and stored at Ϫ80°C until use, when they were embedded in OCT compound for frozen sectioning on a cryostat. For the marker screening and GeneXpert studies, 45-m sections were cut for RNA isolation. Additional sections from the beginning, middle, and end of the sections for RNA isolation were cut for hematoxylin and eosin and IHC (AE1/AE3 pancytokeratin antibodies) analysis. All slides from each specimen were independently reviewed by 2 pathologists.
For the validation study, 115 sequentially obtained SLN specimens from individual patients were identified. Five-micron serial sections were cut from each SLN, and the initial and final 2 tissue sections were mounted on slides for histologic analysis with hematoxylin and eosin staining and pancytokeratin IHC. The intervening sections were distributed 4:1:4:1:4 etc., such that 4 sections were immediately placed in chaotropic lysis buffer for RNA isolation and every fifth section was mounted on a slide for histologic review (total of 50 -60 sections). Review to confirm adequate preservation of histology for pathologic analysis resulted in the exclusion of 25 specimens, principally due to freeze-drying artifact. For the remaining 90 SLNs, sections from 3 levels underwent pathologic review with both hematoxylin and eosin and IHC staining, and remaining slides were reviewed as needed.
All specimens were independently evaluated by 2 pathologists with extensive experience interpreting breast cancer specimens. The pathologists determined the presence or absence of tumor, the percentage of tumor present, and the presence of any contaminating tissues (eg, normal breast tissue). A single discordantly interpreted specimen was observed and was reviewed by both pathologists with a consensus reached that a single focus of metastatic tumor was present on only 2 of the 10 sections examined for that SLN.
RNA Isolation
For the screening and validation studies, RNA was isolated using the RNeasy minikit (Qiagen, Valencia, CA) as described by the manufacturer. The only modification was that the volume of lysis reagent was doubled and loaded on the column in 2 steps. All RNAs were DNAse treated using the DNA-free Kit from Ambion.
Quantitative RT-PCR Analysis
For the marker screening study, cDNA was synthesized using random hexamers as previously described. 26 Quantitative real-time PCR was performed on the ABI Prism 7700 Sequence Detection instrument and expression of each marker gene was measured relative to the endogenous control gene ␤-glucuronidase using ⌬Ct calculations. 23, 27 The pri-mary screen was performed using quantification with SYBR green. 26 In the secondary screen, 5Ј nuclease hybridization probes were used to increase assay specificity. 26 All assays were designed using the ABI Primer Express Version 2.0 software and, where possible, amplicons spanned exon junctions to provide cDNA specificity. Negative controls were included in each PCR plate. A mixture of Universal Human Reference RNA (Stratagene, La Jolla, CA) and RNAs from human placenta, thyroid, heart, colon, PCI13 cell line, and SKBR3 cell line served as a universal positive expression control for all the genes in the marker screening process.
Analysis in the marker validation study was performed using rapid, multiplex (endogenous control gene and target gene) QRT-PCR on the SmartCycler (Cepheid) as previously described. 25, 28 RNA input for each lymph node sample was 50 to 200 ng per QRT-PCR reaction, and all reactions were performed in duplicate. Each reaction incorporated an internal positive control oligonucleotide to demonstrate adequate assay sensitivity in the case of negative results. 28 Gene specific reverse transcription primer sequences and PCR primer and probe sequences are published as supplemental data on-line at http:// www.mssm.edu/labs/godfrt01/publications/index.html.
GeneXpert Analysis
Twenty-four, 5-m sections of OCT-embedded tissue were sectioned into 800 mL of GeneXpert lysis buffer (Cepheid). The lysis buffer was filtered through a 0.22-m syringe filter (Osmonics Inc, West Borough, MA) and loaded into a GeneXpert cartridge. The automated processes of RNA isolation, reverse transcription, and QRT-PCR on the GeneXpert are described elsewhere (Raja S et al Clin Chem. in press).
Statistical Analyses
The characteristics used to evaluate markers were sensitivity, specificity, classification accuracy and negative and positive predictive values. The evaluation included characterizing the distributions of the markers and testing the fit of the data to the log-normal distribution. For individual markers, a cutoff value was determined that maximized the classification accuracy. In cases where classification accuracy was 100%, the cutoff was set at the midpoint between the highest expressing benign node and the lowest expressing histologically positive node. Markers were also evaluated in paired combinations and a linear prediction rule was generated for each pair. The rule was equivalent to the linear predictor that equalized the fitted probabilities above and below the linear boundary. That is, points on the boundary line had a predicted probability midway between the numeric scores assigned to positive and negative nodes.
Properties of single and paired marker prediction rules were also investigated by examining the distributional properties of the expression levels and by applying parametric bootstrap validation. Data were simulated from the lognormal and bivariate lognormal distributions using moment estimators for mean, variance, and correlation between marker pairs. A total of 500 parametric samples of the original data were obtained and the prediction for each bootstrap sample was applied to the original data. Using Efron's improved bootstrap for prediction error, 29 the difference between the observed classification accuracy and the average bootstrap classification accuracy was used to estimate the optimism in the resubstitution prediction rules. The single marker and double marker decision rules were then applied to data from the marker validation study and classification characteristics were calculated.
Prediction characteristics of marker combinations were also determined by generating equal probability contours. In this method, the joint distributions of marker pairs were assumed to follow a bivariate log-normal distribution. From estimates of the means, variances, and covariances of benign nodes, equal probability contours were constructed around the estimated mean values obtained for relative level of expression in benign lymph nodes. Observed values were then plotted against these equal probability ellipsoids and compared with contours for the more extreme quantiles, including the 95th, 99th, and 99.9th percentiles. This method of analyzing the data attaches a value to each point that is the approximate probability that the plotted node is benign.
RESULTS
Primary Marker Screen
Median relative expression in primary tumors and in benign lymph nodes was calculated for all 43 potential markers included in the primary screen (Table 1 ). In addition, we also calculated the ratio between the median expression in tumors and the highest expressing benign node and between the lowest expressing tumor and the highest expressing benign node. When using median expression in the tumors as the numerator, 4 genes, TACSTD1, cytokeratin 7 (CK7), cytokeratin 19 (CK19), and mammoglobin 1 (MGB1), stood out as having tumor/benign node ratios greater than 1000. Thus, these 4 markers were selected for further evaluation. Mammoglobin 2 (MGB2) and prolactin inducible protein (PIP) were also selected based on the primary screen data as well as previously published data regarding these markers. 30 The other 37 markers were excluded from further evaluation.
Secondary Marker Screen
Histologic evaluation of the 25 primary breast cancer specimens used in the secondary screen revealed a median tumor percentage of 75% (range, 5%-95%). The median tumor percentage in the 27 histologically positive nodes was 80% (range, 5%-95%). The relative expression of the 6 markers included in the secondary screen in breast tumors, positive lymph nodes, and benign lymph nodes are shown in Figure 1A . The classification characteristics of each marker (compared with pathology review) are summarized in Table 2 . The observed classification accuracies ranged from 89.6% (MGB1 and PIP) to 100% (TACSTD1). Parametric bootstrap analysis of these data is also shown in Table 2 , and the estimates of classification bias ranged from 2% (TACSTD1) to 6% (MGB1). Thus, the relative expression level cutoffs established for each individual marker in the screening set should accurately characterize subsequently analyzed lymph nodes.
We examined all possible combinations of marker pairs to determine if a 2-marker assay produces a more robust Annals of Surgery • Volume 243, Number 3, March 2006 QRT-PCR Analysis of Lymph Nodes in Breast Cancer lymph node characterization. The relative expression of each possible marker pairing was analyzed using a linear decision rule that optimized characterization accuracy, and these decision rules were again internally validated using a parametric bootstrap analysis. These data are depicted in Figure 1B and summarized in Table 2 . Eleven of the 15 combinations provided 100% classification accuracy in the observed data, but only 2 combinations retained 100% predicted accuracy in the bootstrap analysis. In general, the use of a pair of markers resulted in a reduction in classification bias (0%-3.2%) confirming that a 2-marker assay improved assay classification confidence compared with single markers. Since linear classification rules are not necessarily the best method for lymph node classification in the marker combination analysis, we developed a novel classification method based on the observed distribution of expression levels for each marker in a given pair. Equal probability contours were calculated around the mean values obtained for relative expression in benign lymph nodes (Fig. 1C ). This analysis demonstrates that the distribution of relative expression values obtained from benign lymph nodes impacts the confidence for classifying a positive lymph node. While CK19/MGB1 provided the best classification based on a linear prediction rule, the probability contour plot clearly shows that the wide distribution of expression for both of these markers in benign nodes negatively impacts the confidence with which a positive node can be identified. By this analysis, the combinations of TACSTD1/PIP, CK19/ TACSTD1, TACSTD1/MGB1, and TACSTD1/MGB2 provide the best classification with all positive nodes correctly FIGURE 1. A, Data obtained from the secondary screening set of lymph nodes on individual gene expression observed in primary tumors, benign and positive lymph nodes. The horizontal line indicates the most accurate cutoff value for classifying the lymph node as positive or benign (T, tumor; PN, positive node; BN, benign node). B, Secondary screening set data on gene expression for potential 2-marker combinations using a linear discriminator decision rule. The line equalizes the predicted probability that a lymph node is positive or benign. (green o ϭ benign lymph node; red ϩ ϭ histologically positive lymph node). C, Secondary screening set data on gene expression for potential 2-marker combinations applying equal probability contour statistical analysis. Equal probability curves were generated around the mean expression value observed for the 2 markers in benign lymph nodes. This demonstrates that while the marker combination of CK19 and MGB1 accurately characterizes the lymph nodes (Table 2) , the wide distribution of expression observed in benign nodes diminishes their ability as accurate predictors. By this method of analysis, the marker combination of TACSTD1 and PIP more confidently characterizes the lymph nodes.
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QRT-PCR Analysis of Lymph Nodes in Breast Cancer identified with probabilities Ͼ0.99 and in most cases Ͼ0.999. For all 4 of these combinations, all benign nodes fell within the 0.99 probability contour, and all but one was within the 0.95 probability contour. Therefore, in the screening data, 4 marker combinations were capable of providing 100% sensitivity with Ͼ99% specificity.
Validation of QRT-PCR Classification in a Rapid, Multiplex Format
To externally validate the classification accuracy of selected markers tested in the secondary screen, an independent, validation set of 90 breast cancer SLNs was prospectively analyzed (Fig. 2) . Furthermore, to demonstrate the potential for intraoperative analysis, this study was performed on the SmartCycler instrument (Cepheid) using rapid, multiplex QRT-PCR. Subtle differences in calculated relative expression values were observed (data not shown) from this change in thermocycler platform, but in an effort to indirectly evaluate the robustness of the QRT-PCR analysis, the classification algorithms from the secondary screen were applied to the validation set data without any correction factors.
Pathologic review identified 73 negative SLN and 17 SLN positive for metastasis with a median tumor percentage in the positive lymph nodes of 60% (range, 5%-95%). The relative expression data for each of the 4 selected markers and marker combinations is shown in Figure 2 , and prospective classification accuracy for individual markers and all poten-tial marker pairs is reported in Table 3 . When cutoff values (individual markers) or linear prediction rules (marker combinations) from the secondary screen were applied to the validation set data, overall classification accuracy ranged from 89% (MGB1 alone) to 98% (TACSTD1 alone, TACSTD1/PIP, PIP/ CK19 and MGB1/CK19). When probability contours from the secondary screen were applied, several marker combinations identified 16 of 17 (94%) positive nodes as positive with respect to the 0.999 probability contour of the benign nodes. All negative nodes fell within the 0.99 probability contour. One histologically positive sample was characterized as negative with Ͼ0.95 probability by analysis with all 4 markers. In a postanalysis review, this specimen was found to have been discordantly interpreted by the 2 pathologists. A consensus opinion had been reached, agreeing that a minute focus of tumor was present in the first 2 serial sections, but was not present in the remaining 8 slides. Thus, our finding that this specimen was consistently classified as negative by QRT-PCR may represent sampling error.
From our data, we conclude there are a number of mRNA markers and marker combinations capable of accurately detecting metastatic breast cancer in lymph nodes. However, there are at least 3 pseudogenes for CK19 within the human genome that lack intronic sequence. Thus, an mRNA-specific primer set cannot be designed for CK19, and failure of DNAse treatment to completely digest contaminating genomic DNA within the sample could produce a falsepositive result. Thus, the combination that produced the highest accuracy without other potentially negative attributes was the marker pair of TACSTD1 and PIP.
Automated Lymph Node Analysis With the GeneXpert
Eighteen lymph node specimens from additional, individual patients were evaluated with fully automated, QRT-PCR assays for the markers TACSTD1 and PIP (Fig. 3) . Histologic review confirmed that this set consisted of 9 positive (60%-95% tumor) and 9 negative lymph nodes.
When prospectively analyzed by either a linear decision rule or equal probability contour analysis using decision rules based on data from the secondary screen set, the multiplex GeneXpert assay accurately (100%) characterized all 18 specimens within 35 minutes per assay (this does not include time for specimen delivery to the surgical pathology suite, imbedding in OCT, or cryostat cutting). We conclude that a fully automated, rapid QRT-PCR assay accurately characterizes lymph nodes for the presence of metastatic breast cancer. Table 3 . C, Validation set data analyzed using the equal probability contours generated from the secondary screening set data. The relative levels of expression observed for the positive lymph nodes were beyond the 0.999 probability contours for 3 2-marker combinations. Some of the positive nodes are positive for only one marker (red crosses located in the left upper or right lower quadrants), demonstrating how a 2-marker assay improves sensitivity while maintaining high specificity.
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DISCUSSION
We found excellent accuracy detecting metastatic disease within the SLN of breast cancer patients using a 2-marker QRT-PCR assay compared with the current methods of complete SLN analysis, including histologic and IHC review. We also demonstrated that accurate classification of the lymph node specimens was obtained when the assay was fully automated using the GeneXpert instrument. Thus, this assay surpassed the accuracy of current frozen section analysis of SLNB specimens and is potentially superior to complete histologic and IHC analysis for reasons including: 1) the assay is fully automated, reducing the potential for human error; 2) objective criteria are used, removing subjective analysis and improving standardization; and 3) the time from tissue acquisition to result is less than 35 minutes, facilitating intraoperative use and reducing anxious apprehension for the patient and the possibility of a second surgical procedure.
Previous studies have aimed to determine if RT-PCR analysis of lymph nodes is more sensitive than IHC and thus capable of further improving the clinical staging of breast cancer patients. [31] [32] [33] [34] Our study differs from these studies in that our present aim was not to determine if QRT-PCR identified metastatic disease in definitively analyzed, histo-logically negative SLN, but to identify metastatic disease with high accuracy while surpassing current methods of analysis with regards to timeliness, reproducible objectivity, and automation. However, based on the published literature regarding sensitivity of QRT-PCR analyses, the interim analysis from the Minimally Invasive Molecular Staging of Breast Cancer Trial trial, and the ability of this automated assay to improve sampling by evaluating a larger percentage of the LN (current SLNB analysis examines Ͻ1.5% of the specimen), we think that this assay may prove to be capable of surpassing current techniques in this regard. 35 Multicenter clinical trials will be required to determine if this new assay can produce superior prognostic information.
This assay may ultimately prove to be superior to conventional histologic analysis because of the objective nature of the test. The accurate histologic analysis of lymph nodes for micrometastatic disease is challenging under ideal conditions, by nature subjective, and the interpretation of microscopic foci of tumor cells has eclipsed clinical outcome data. The AJCC Cancer Staging Manual, 6th edition, has established definitions to facilitate consistency in interpretation of these materials, yet these definitions make further demands on the pathologist's subjective interpretation of the lymph node. In the only published study examining this problem, Roberts et al found that, when 10 pathologists evaluated 25 cases of breast cancer SLN specimens, only 12% of the cases were correctly classified by all the pathologists, and 80% of the IHC-positive cases had at least one pathologist incorrectly characterize the case. 21 In contrast, we demonstrate here, and in a separate report that describes the GeneXpert in extensive detail including interassay variability data, that the fully automated QRT-PCR assay is robust and objective. Thus, a reproducible, fully automated, objective analysis of SLN has the potential to be superior to current methods of analysis, and a multicenter, prospective trial designed to make this comparison is currently in development.
While this assay may have the potential to eventually replace current methods of lymph node analysis, further investigation is necessary and it is currently applicable only as a research tool. The implementation of this assay into routine clinical practice represents a paradigm shift in cancer diagnostics and will require a period where the assay is performed concurrently with standard methods of analysis. Concomitant use of these techniques requires a dedicated surgical pathologist and a thoughtful approach to specimen preparation. We propose a method of sample preparation that combines formalin fixation of the majority of the SLNB specimen for histologic analysis while providing fresh-frozen tissue for rapid histologic analysis and QRT-PCR analysis (Fig. 4) . This approach will allow pathologists to perform the 2 methods of analysis simultaneously in an intraoperative time frame and still have paraffin-embedded material for full histologic analysis. A number of controversies currently exist regarding the surgical management of patients with breast cancer. This QRT-PCR assay was initially conceived, in part, to resolve the clinical dilemma that arose from a lack of an accurate intraoperative analysis of SLNB specimens that led to the need for a separate, second surgical procedure to complete the ALND in a substantial proportion of patients. Some data suggest that completion of lymph node dissection may not be necessary for either therapeutic or staging purposes, thus potentially eliminating this particular need for a rapid assay. 20 Large, randomized trials (ACOSOG Z-0011 and NSABP 32) are designed to settle this important clinical controversy. Another issue is that some leaders in breast cancer surgery are currently determining the need for ALND based on the size of the focus of metastatic disease or other histologic parameters, and this practice has basis in published data. 36 This QRT-PCR assay cannot produce such information presently, but the assay is quantitative, and such capabilities are certainly a future possibility.
A molecular method of analyzing SLNB specimens is only one of a number of potential advances in the staging of cancer patients. Recent studies have been able to identify patterns of gene expression in primary breast carcinomas that are associated with a poor prognosis. 37 It is important to note that these results were obtained from a selected subset of patients that were node-negative. While future studies may show that gene expression profiling is independently sufficient for determining prognosis and subsequent therapies, SLN status continues to be an essential component of clinical staging.
Finally, this technology holds promise for improving patient care for a number of other malignancies. The same clinical dilemma presented for breast cancer exists for the intraoperative analysis of SLN specimens in melanoma and potentially squamous cancers of the oropharynx. 13 The accurate assessment of lymph node involvement in an intraoperative time frame may also impact the surgical management of lung cancer. 13 Similar intraoperative applications exist in the surgical management of metastatic colorectal cancer. Assays for all of these clinical applications are currently in development. The automated, objective nature of this assay may also facilitate use in other less time-dependent analyses such as the routine analysis of lymph nodes in gastrointestinal malignancies. Current analysis of these lymph nodes does not typically include IHC analysis or sufficient attention to sampling, and multiple studies have suggested this likely results in the understaging of a significant percentage of patients. 12
CONCLUSION
We have shown that a 2-marker, QRT-PCR assay that is fully automated and completed in under 35 minutes can accurately characterize lymph nodes for the presence of metastatic breast cancer. This assay is clearly superior to current methods of intraoperative analysis and is as accurate as current methods of complete histologic analysis with immunohistochemistry. Theoretical advantages to such an assay include improved standardization across varying healthcare environments, more thorough sampling of the lymph node, and reduced human error. Proposed method of lymph node preparation that facilitates thorough histologic analysis and isolation of high-quality RNA. The lymph node is cut into 5 sections. Three sections are processed into paraffin for subsequent histologic analysis. Two sections are embedded in OCT and cryostat sections obtained for histologic analysis and RNA isolation. The remaining uncut tissue may be stored frozen or paraffin-embedded for future analysis.
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